The Na+ channel in mammalian cardiac cells. Two kinds of tetrodotoxin receptors in rat heart membranes.
The properties of interaction of both tetrodotoxin (TTX) and tritiated ethylenediamine tetrodotoxin [3H] en-TTX) were studied in rat heart membranes at different stages of development and in cultured cells. Studies by electrophysiology and by 22Na+ flux measurements on cardiac cultured cells indicate that the functional form of the Na+ channel is of low affinity for TTX (250-700 nM). Binding experiments (bioassay and [3H]en-TTX binding) on cultured cardiac cells from newborn rats indicate the presence of both high and low affinity binding sites for TTX with dissociation constants (Kd) of 1.6 and 135 nM, respectively. On homogenates of hearts taken just after birth, [3H]en-TTX binding reveals no high affinity binding site for TTX but the presence of a low affinity binding site with a Kd of 125 nM. This result was confirmed by kinetic studies and competition experiments. Conversely, binding studies on homogenates and extensively purified membranes from adult ventricles reveal the presence of both high and low affinity binding sites for TTX with Kd values of 1.5 and 170 nM, respectively. The maximum binding capacity for the low affinity binding sites is 45 times higher than that of the high affinity binding sites. High affinity sites do not exist at the fetal stage or at birth, but after 5 days their number gradually increases to reach a maximum level around 45 days after birth. Conversely, the number of low affinity binding sites is essentially invariant between birth and adulthood. Monolayers of cardiac cells from hearts at 2 days after birth which have no high affinity TTX-binding sites in vivo develop both high and low affinity binding sites for TTX in vitro. The results presented here are the first direct demonstration of the coexistence in rat heart plasma membrane of two families of binding sites for TTX.